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Abstract As reforestation and restoration processes gain momentum across the world

native tree species are being established for production, conservation and restoration

purposes in agricultural landscapes. One such tree with promise is dinde [Maclura tinctoria

(L.) D. Don ex Steud]; a multi-purpose, Neotropical tree species that is being widely

introduced on to farms of the coffee axis region in the Latin American Andes. No formal

studies have been made that examine its potential for reforestation. In this study we aim to

measure and define the relationships between age, bole size (dbh), tree height, and crown

size of planted dinde trees for the development of spacing guidelines at time of planting

and for thinning. We also sought to identify whether tree growth is influenced by various

measures of soil fertility. We studied these relationships on dinde trees planted at twelve

farms in the central Andean foothills of Colombia. Our results are the first to show dinde

has comparable growth to other native and exotic trees used for reforestation in Latin

America. Strong relationships exist for tree age and diameter at breast height (DBH) with

crown size and height. Based on these relationships we developed spacing and thinning

guidelines for timber production in plantation and silvo-pastoral circumstances. Soils were

generally fertile but varied between farms. Growth varied with soil primarily related to pH

and calcium, and secondly to soil nitrogen and organic matter. Our results provide pre-

liminary information for the forester and/or the farmer on expected growth and size

relationships for given ages in relation to soil fertility for planted trees. As more trees are

planted on a wider array of soils and providing a greater diversity of ages further studies

are necessary for refining guidelines.
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Introduction

In recent years, more than 40% of forests in Latin America and the Caribbean have been

lost or degraded (WRI 2014). This not only threatens the livelihoods, food sovereignty and

economic development of the region, but it is also the primary cause of the region’s carbon

emissions (WRI 2014). Restoration and reforestation of degraded lands is therefore an

important policy priority throughout Latin America, particularly after several countries

have committed to international agreements such as the Aichi targets of the Convention on

Biological Diversity, Initiative 20 9 20, and the Bonn Challenge (WRI 2015; UNEP 2016;

The Bonn Challenge 2017).

Planting trees on degraded agricultural or ranching landscapes can be a strategy to

recover biodiversity, restore soil productivity, and mitigate and adapt to climate change

(Lamb et al. 2005; Canadell and Raupach 2008; Chazdon 2008; Perfecto and Vandermeer

2008; Chazdon et al. 2009; Tscharntke et al. 2012). It has been proposed that incorporating

a range of agroforestry techniques as a transition phase early in the reforestation process

can help overcome socioeconomic and ecological obstacles to restoring these lands (Vieira

et al. 2009). The use of native tree species is often preferable over exotic species in

restoration, because such species provide shelter and food for wildlife and are at less risk to

becoming invasive (see Montagnini 2005); though there are many exceptions where

exotics have proven non-invasive and beneficial (D’antonio and Meyerson 2002; Ewel and

Putz 2004). Also, conservation, restoration, and agroforestry initiatives may be more

successful if they initially focus on native species with outstanding sociocultural values for

the local population, and with direct economic benefits to producers (Alavalapati et al.

2004; Brandt et al. 2012; Suarez et al. 2012).

In Latin America research on ecology and silviculture of trees has been confined to a

few exotic species (Evans 1999; Wishnie et al. 2007). However, many farmers and for-

esters have a clear preference for native species in reforestation (Piotto et al. 2004b).

Unlike exotic species, technology for the introduction of native species in ranchlands is

scarce, and markets and wood-processing techniques are often insufficient (Piotto et al.

2004a; Calle et al. 2012). It has therefore become imperative to generate information and

disseminate appropriate management practices for native species that can be integrated into

reforestation and rehabilitation strategies across Latin American landscapes.

The ‘dinde’ tree [Maclura tinctoria (L.) D. Don ex Steud] is a long-lived pioneer that

can be found from Mexico to Argentina, in both humid and dry forests. Its diverse uses and

ecological attributes make dinde a promising tree to be used in reforestation projects and

an ideal candidate for agroforestry systems, including silvopasture. Various authors have

pointed out this species suitability for living fences because of its high re-sprouting

capacity (Calle et al. 2007; Chı́zmar-Fernández 2009; Williams-Linera et al. 2011). In

Central America Cordero and Boshier (2003) note that it has been planted as isolated

individuals, in groups or in lines. It has also been used in reforestation of riparian areas,

temporarily inundated areas and to stabilize soils along dams. The same authors suggest the

dinde tree is suitable for mixed or pure species plantations, and for enrichment plantings in

secondary forests—though no work has been done quantitatively studying the growth of

dinde in enrichment planting or in various mixed plantings; and no silvicultural guidelines

for spacing and thinning yet exist.
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Dinde is an ecological generalist adapted to degraded and/or open areas (Torres et al.

1992; Vargas 2015; Williams-Linera et al. 2011; Dryflor 2016). Its fruits are eaten by birds

and other mammals (Martins and Setz 2000; Chı́zmar-Fernández 2009), which could

improve the habitat quality of farmlands for wildlife (Suarez et al. 2012). In established

pastures, it shows high survivorship when compared to other native species and its thorny

stem and branches prevents browsing by cattle (personal observation, 2016).

In addition, dinde is an economically and culturally important tree throughout Latin

America. Its wood has a beautiful golden luster, durable, resistant to rot and termites, and

has an international market value; in North America the wood is known as Argentine

osange orange (The Wood Data-base 2016). Dinde has been used in heavy construction,

flooring, furniture, turnery, fence posts and railway sleepers, and other small specialty

wood items, (e.g., the mouth piece of blowguns for Amazonian hunters) (Rangel 1949; Van

der Slooten and Martinez 1959; Echenique-Manrique 1970; Duke and Vasquez 1994). The

wood also contains a yellow dye called fustic—one of the most valuable sources of yellow

pigments that has historically been used to dye brown, yellow, khaki and green colored

textiles (Rangel 1949; Roig 1974). The leaves, sap and wood of this tree have been used in

folk medicine to cure colds and oral infections, to relieve toothaches, as a purgative and

diuretic, for venereal diseases, and to provide relief from gout and rheumatism (Roig 1974;

Bourdy et al. 2004; Canella-Gomes et al. 2003; Chı́zmar-Fernández 2009). And, phar-

macological research has found that the pigment extracted from this tree known as

‘‘morin’’, is a nontoxic broad spectrum antioxidant (Wu et al. 1994) that could confer

significant health benefits to humans with cardiovascular disease and inflammatory dis-

orders (Cioffi et al. 2003).

Little published information exists on dinde growth patterns. The study by Cordero and

Boshier (2003) of a plantation in Honduras, spaced at 4.6 9 4.6 m, measured trees to be an

average height of 19.5 m with a diameter breast height (DBH) of 25.9 cm at 30 years of

age. In Cuba, 12-year-old trees reached 8.1 m height and 16 cm at DBH (Betancourt

1987). It also has been reported that open grown dinde trees tend to branch from a young

age and thus, have short boles and big crowns (Cordero and Boshier 2003). For products

such as poles, woodchips or fruits this type of growth is suitable, but for the production of

high quality timber it is important to understand at what density to plant and how much to

thin trees to encourage growth.

The lack of silvicultural planting and management guidelines are the main reasons why

dinde, like many native Latin American timber trees, has not been more widely planted

(Centeno 1994; Piotto et al. 2004b). No published information exists on dinde timber

production and tree-soil relationships. Understanding tree size relationships is essential to

manipulate the structure and composition to meet the economic and ecological objectives

of reforestation or agroforestry projects. Foresters have long proposed basic relationships

between crown size and stem diameter as a way to construct preliminary spacing and

thinning guidelines for obtaining specific products from a tree plantation (see Ashton et al.

1989; Samarasinghe et al. 1995; Ashton and Kelty 2017). In general, all quantitative

guidelines are based on a measure of stand density and tree size, the self-thinning law, so

that spacing can be described as a function of tree size (White 1981; Westoby 1984).

In our study there are two parts. In the first part, we aim to estimate growth rates and

measure and define the relationships between age, bole size (dbh), tree height, and crown

size of planted dinde trees. Using the defined relations between density and tree size we

then intend to construct spacing and thinning guidelines for silvopastoral systems and

timber plantations. This part of the study can be used to provide a foundation for future

research on more site-specific and species-specific growth. The second part of our study is
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designed to measure various soil fertility parameters under the planted trees and to

determine whether the DBH, height and crown size changes with site. Taken together our

study aims to inform reforestation efforts on the use of dinde for planting in the foothills of

the Colombian Andes, but with potential widespread application throughout its range in

Latin America. Management recommendations generated in this study will aid farmers and

foresters with system design that have the potential to inform reforestation policy and

planning.

Methods

Study area

The study was conducted across twelve farms located in the middle basin of La Vieja river,

in the departments of Quindı́o, Risaralda and Valle del Cauca, Colombia (4�040 and 4�490
north latitude, and 75�240 and 75�570 west longitude). This basin is located in the core

range for Maclura tinctoria (dinde) and where a strong tradition of ranching exists. The

undulating terrain of the study area varies in elevation from 990 to 1600 m.a.s.l and is a

mosaic of pastures planted with African grasses, coffee and plantain crops, forested

riparian zones, isolated trees, and live fences.

The region receives an average 1900 mm of rainfall a year in a bimodal pattern with

two wet and two dry seasons. Rains occur from March to May and from September to

November; with an average relative humidity of 85% and an average annual temperature of

23.4 �C (Comision Conjunta 2008). The sites fall within the Premontane Humid Tropical

Forest life zone (Holdridge 1967). Soils are young and arise from quaternary alluvial

(Inceptisols) and volcanic (Andisols) deposits from the Central Cordillera. These deposits

are deep (on average 20–30 m thick), free of rock, and acidic (pH 5.3) (González and

Nuñez 1991), with texture ranges from sandy to clay loam.

The twelve farms that we selected for the study have planted M. tinctoria trees ranging

in age from 3 to 30 years. The farms selected were from an exhaustive list where they had

enough planted dinde trees to merit conducting the study. We identified the farms from

prior observations and work in the region, and from information provided by local people,

universities and conservation and agricultural NGO’s. All the farms share a similar land

use history in which the original forest was converted to coffee cultivation that, after

successive coffee rust outbreaks and low market prices, were subsequently converted to

cattle pasture. The average size of our study farm is 35.6 hectares; each having different

land uses but all comprising mixtures of timber, N-fixing and fuelwood species in various

arrangements (e.g., living fences, riparian corridors, pure and mixed plantations). Trees

were established at spacing that varied from 3 9 3 m to 10 9 10 m. The number of trees

per hectare are highly variable because the plantings are within very different land uses

that farmers practice (Online Resource 1).

Sampling design

Basic information was gathered about each farm’s location, area, management practices,

age and spacing ofM. tinctoria trees (Online Resource 1). A total of 296 planted trees were

measured for diameter at breast height (DBH; 1.37 m), diameter at the base (Db), height to

the top of the crown (HT), and crown diameter (CD). This is not as large of a sample size
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and range of ages as was desired. This was because no other plantings were available

within the region that further supplemented age class and spacing distribution. At farms

where trees were widely spaced, a complete census was done measuring all trees. At a farm

that had confined trees to a 3-year-old plantation of 1.5 hectares, five circular plots of fixed

area (100 m2) were randomly placed within the plantation and all the trees measured

within the plots. All trees in which tree growth and crown form were significantly impacted

by severe pruning or severe bark damage by cattle or horses were excluded from

measurement.

DBH measurements of branched trees below 1.37 m were converted to a single

equivalent diameter by calculating the square root of the sum of squared stem diameters.

For total height of a tree, an electronic clinometer was used to measure height to the top of

the crown. The measurements were recorded to the nearest half meter. Crown diameter was

found by visually determining and then measuring the widest and narrowest dimensions of

the tree’s crown with a metric tape laid straight from the base of the bole to the crown

edge. We then calculated the average from the two measures.

For measurements of soil fertility, soils were randomly sampled under the crowns of

four trees previously sampled for their growth measurements. Composite soil samples were

taken with a Dutch-type soil auger. Samples were taken at two depths from the top soil:

0–10 and 10–20 cm. Previous studies in similar soil types have shown that most differ-

ences in soil parameters related to tree growth and establishment are found within the top

30 cm of the soil surface (Stanley and Montagnini 1999; Montagnini et al. 2000). The

samples were processed for pH, Ca, Mg, K, P, Al, organic matter, total N, cation exchange

capacity and soil texture. The soils were analyzed in accordance with standard procedures

for soil analysis in Colombia in the laboratories of the Colombian Coffee Farmers Fed-

eration (Federación Nacional de Cafeteros).

The following were the standard methods used to analyze soil parameters: pH–pH meter

measurement (1:1 soil-distilled water) (Thomas 1996a, b); Organic Matter—Walkley–

Black, Colorimetry (Walkley and Black 1934); K, Ca, Mg—Ammonium acetate 1 N pH

7.0-EAA; Al–KCI IM-Titration (Thomas 1982); CEC—Ammonium acetate 1 N pH 7.0

Nessler colorimetry (Thomas 1982); P—Bray II-Colorimetry (Bray and Kurtz 1945);

Texture—Buoyucos hydrometer method (Bouyoucos 1962).

Data analysis

To select appropriate models for the data to determine tree growth relationships, an

exploratory analysis with commonly applied allometric equations was performed using

regression analysis (Bailey 1980; Thomas 1996a, b; Fang and Bailey 1998; Bullock 2000;

Návar 2009; Feldpausch et al. 2012). Using age and DBH as predictor variables, we

predicted tree total height, crown diameter, and crown projection area. Log–linear and log–

log are the most frequently used regressions (e.g., Brown et al. 1989) and have been

suggested as the most parsimonious models (Nogueira et al. 2008). However, in this study,

five models were tested [(1) ordinary least squares (OLS), 2() quadratic, (3) log-quadratic,

(4) log–linear and, (5) log–log] were tested using RStudio statistical software (Version

0.99.903—� 2009–2016 RStudio, Inc.).

To identify relationships between soil fertility and tree growth we used principal

component analysis (PCA). We sought to understand differences and similarities between

soils at each farm and to determine the minimum number of factors that accounted for the

maximum variance in the data. Through the PCA, the original soil fertility variables were

transformed into a set of three linear combinations or factors that explained more than 80%
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of the variation in the data. Afterwards, regression analyses were run to test if these three

soil factors are correlated with tree growth (e.g. height and stem diameter growth).

Additionally, we did a two-way analysis of variance (ANOVA) to find independent soil

variables that show significant variation among sites and depths. Once suitable soil vari-

ables were identified, further regression analyses were run to test which of these variables

are correlated with tree growth.

Results

The allometric relationships among the growth dimensions (i.e., height, DBH, and crown

projection area) were highly significant (Table 1). For all five models tested, log–log

relationships provided the best fit for all growth parameters using AIC. The strongest

relationship is shown between crown projection area and DBH (R2 = 0.930) (Fig. 1). The

model relating age to height displayed the lowest R2 (0.699), whereas the relationships

between DBH and height (R2 = 0.842) and age and DBH (R2 = 0.821) represented much

better fits.

In general, all measurements of soil fertility showed significant differences among sites

(Table 2). The soil fertility guidelines of the Colombian geographic institute (IGAC)

indicate all sites had optimum levels of Ca, Mg and K for agriculture, with the acidity

levels within the normal range of La Vieja watershed’s agroecosystems (Feijoo et al. 2007;

Garcı́a-Velásquez et al. 2010). Among the cations in these soils, Ca is variable but high at

all sites. Measurements of soil fertility that showed significant variation between soil

depths include pH, nitrogen, organic matter, potassium, and calcium (Table 2). All sites

exhibited medium to high organic matter content (3.4%\OM\ 10.4%) and weakly

acidic soils (5.0\ pH\ 6.5) (Online Resource 2). Nitrogen and organic matter content

were higher at the same sites where cation exchange capacity (CEC) was higher (e.g.,

Mariposas and Yarima farms).

The two soil fertility variables that demonstrate a strong correlation with stem diameter

growth at both depths (p value\ 0.05) are pH and Ca. Organic matter and nitrogen show

marginally significant p values at the lower depth (p[ 0.10) (Table 3). And two variables

showed significance at p\ 0.10: (1) pH at both soil depths; and (2) clay for shallow soil

depths.

Table 1 Summary table of the selected allometric equations based on the best regressions

ln(yi * 1000) = a ? b * ln(xi * 1000)

Growth parameter a b R-sq (adj) RES p value

Age versus height 1.174 0.886 0.699 0.3484 \ 0.0001

Age versus DBH - 3.672 1.485 0.821 0.4128 \ 0.0001

Age versus crown projection area - 8.899 2.210 0.755 0.7078 \ 0.0001

DBH versus height 3.393 0.594 0.842 0.2526 \ 0.0001

DBH versus crown projection area - 2.838 1.421 0.930 0.3797 \ 0.0001

Listed are the regression coefficients (a and b), adjusted coefficients of determination (R2), and the residual
standard error (RSE). Regression equations were calculated using: ln(yi) = a ? b * ln(xi)
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Discussion

In our study dinde trees show relatively high diameter growth (MAI 2.56 cm/year),

compared to other dinde growth studies from Honduras (MAI-DBH: 0.86 cm/year) and

Cuba (MAI-DBH: 1.33 cm/year) reported by Cordero and Boshier (2003). This is, how-

ever, on the low side of some of the fastest growing trees that have been planted, native or

exotic, based on plantation studies in Central America (Piotto et al. 2004b; Wishnie et al.

Fig. 1 Actual data (points), predicted responses (solid line), 95% prediction intervals (PI), adjusted
coefficient of determination, and RSE are shown for Maclura tinctoria in La Vieja river watershed,
Colombia. Symbols define the different age classes of the plantings: Points for 3-year old, pluses for 9-year
old; circle-plus for 10-year old, dots for 20-year old, and squares for 30 year-old. a A graphic showing the
relationship between diameter at breast height (DBH) versus crown projection area; b a graphic showing
DBH versus height

New Forests

123



2007; Lam Bent et al. 2011; Van Breugel et al. 2011). The twenty fastest relative diameter

growth rates from 49 species planted in common gardens at four sites differing in climate

and soil in Central America range from 2.5 to 6.0 cm/year (e.g. Acacia mangium, Colu-

brina glandulosa, Hura crepitans, Pachira quinata, Tabebuia rosea, Tectona grandis) (van

Breugel et al. 2011). But overall dinde is well within the average growth rate of native

Table 3 Correlations between
height and stem diameter growth
and independent soil parameters

Bold numbers signify significant
correlations at p\ 0.10

Depth (cm) Height growth Stem diameter growth

R-sq (adj) p value R-sq (adj) p value

pH 0–10 0.403 0.087 0.352 0.0002

10–20 0.080 0.064 0.411 < 0.0001

N 0–10 - 0.032 0.863 0.033 0.1626

10–20 - 0.012 0.437 0.081 0.0626

OM 0–10 - 0.033 0.923 0.023 0.1965

10–20 - 0.015 0.472 0.084 0.0589

K 0–10 0.018 0.221 - 0.033 0.9712

10–20 0.037 0.151 0.004 0.3005

Ca 0–10 - 0.007 0.380 0.306 0.0006

10–20 0.125 0.027 0.403 < 0.0001

Clay 0–10 0.040 0.140 - 0.028 0.6902

10–20 - 0.016 0.475 - 0.033 0.9134

Silt 0–10 - 0.025 0.625 0.012 0.2502

10–20 - 0.033 0.918 0.049 0.1175

Sand 0–10 0.013 0.244 0.023 0.1973

10–20 - 0.009 0.404 0.018 0.2188

Table 2 A two-way analysis of variance (ANOVA) for the eight study farms testing for differences among
sites and between soil depths and their interactions for each measure of soil fertility

Soil parameter Variable

Soil depth Site Interaction

F value p value F value p value F value p value

pH 9.39 * 11.08 *** 0.72 ns

N 37.70 *** 24.08 *** 1.02 ns

OM 35.02 *** 22.51 *** 1.18 ns

Ca 12.07 ** 8.38 *** 1.32 ns

Mg 2.11 ns 21.03 *** 0.27 ns

Al 0.61 ns 4.53 ** 0.81 ns

CEC 1.84 ns 10.87 *** 0.24 ns

P 1.52 ns 12.08 *** 0.59 ns

Sample size (n = 64), 32 samples per depth; 8 samples per site

ns Not significant

*; ** and *** are used to denote levels of significance at the p[ 0.05, 0.01, and 0.001 levels respectively
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species plantings (Wishnie et al. 2007; Van Breugel et al. 2011). The satisfactory growth

rates of dinde combined with the variety of end-uses suggest considerable potential for

selecting dinde in a range of reforestation projects (Butterfield 1995).

Comparing dinde growth to growth of native species plantings at higher elevations in

the Colombian and Ecuadorian Andes (1800–3000 m amsl), species such as the early

successional tree Alnus acuminata (0.88–3.28 cm/year; see Bare and Ashton 2016 and

citations therein) are comparable in diameter growth; while growth rates of dinde are much

higher than late successional trees such as Quercus humboldtii (0.21–0.99 cm/year; see

Bare and Ashton 2016 and citations therein).

Dinde trees of the same age class show large variations in DBH, height and crown

projection area (Fig. 1). The most obvious source of variability is site fertility. Common

garden studies by Wishnie et al. (2007) and van Breugel et al. (2011) demonstrate this

across the environmental gradient in Central America where early growth and survival

were more strongly affected by soil fertility than by rainfall and soil moisture availability.

There are other factors affecting tree growth that can include seedling provenance, which

may be different among dinde plantings and sites (Navarro et al. 2011). In addition,

differing management regimes across the various farms can affect tree growth. For

example, farms that planted dinde trees in different arrangement and spacing, can have a

direct effect on crown size and stem diameter (Berlyn 1962; Ashton et al. 1989). The level

of stewardship at each farm can also determine growth depending upon farmer care and

stewardship of the plantings (e.g. weeding, pruning, thinning, fertilization). Some farmers

carefully pruned and weeded plantings while others did not.

We show strong significant allometric relationships between various size dimensions

(e.g., height vs. dbh, and crown projection area vs. dbh). Relationships between size and

time (e.g., height vs. age, dbh vs. age, and crown projection area vs. age) were significant

but weaker, again suggesting site condition and care significantly affect the growth of the

trees. Surprisingly, height growth is almost completely independent of most soil fertility

variables examined in this study (organic matter, phosphorus, total nitrogen, magnesium,

calcium, potassium, aluminum, cation exchange capacity, sand, silt and clay). Reasons for

this are unclear but may reflect the fact that these soils (of moderate fertility) do not

demonstrate sufficient differences in fertility to show difference in height growth; or to the

contrary, that dinde can grow well on a range of soils (Torres et al. 1992; Williams-Linera

et al. 2011; Vargas 2015; Dryflor 2016).

One variable that weakly affects height growth is soil pH. Regression analysis reveals

that pH explains 40% of the variation in height growth at p\ 0.10 (Table 3), suggesting

that the height growth of dinde can be restricted by soil acidity. Soil acidity should have a

negative effect on tree growth, due to decreased nutrient availability and possibly root

damage from Al toxicity and heavy metals (Rorison 1986; Laubhann et al. 2009), which

can be exacerbated under poorly drained, wet soils (Sánchez 1976; Buol et al. 1980). In

southern Costa Rica, Calvo-Alvarado et al. (2007) report that introduced tree species (i.e.,

Gmelina arborea, Pinus caribaea) had better adaptability and initial growth rates than

native species (Vochysia ferruginea, Vochysia guatemalensis, Hieronyma alchorneoides,

Calophyllum brasiliense and Schizolobium parabyba) on acid degraded soils with an ustic

soil moisture regime. Whereas on sites with higher soil nutrient and water availability the

differences in mean stand height between introduced and native species were much less.

Other studies demonstrate that Tectona grandis, Gmelina arborea, Cordia alliodora and

Bombacopsis quinata (species that grow naturally in soils derived from calcareous mate-

rials or in fertile alluvial soils) growing in acid soils respond well to liming and are favored
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by the addition of exchangeable bases to the soil (Delgadillo et al. 1991; Pérez et al. 1993;

Vallejos 1996; Montero 1999; Alvarado and Fallas 2004).

Management implications

Preliminary spacing guidelines can be constructed using the relationships between size

attributes (DBH, crown size) of dinde (Table 4). The guidelines can be used by the farmer

and forester to predict the ultimate desired spacing for a given tree size (as defined by

DBH). Such guidelines can be used by land managers to plant trees at a spacing that allows

a plantation or silvo-pastoral system to grow to a desired size (DBH, CPA) for the first

merchantable thinning in a plantation or maximum shade tree area in a silvo-pastoral

system. Implementing these spacing guidelines at time of planting avoids any mortality

from natural self-thinning or avoids the necessity of spending money to pre-commercially

thin to prevent mortality. It is important to note that these guidelines are tentative until

more substantive information can be published through the collection of data from a

greater range of age classes and soils.

Information on spacing can also be used for thinning within plantations by determining

minimum stand diameters for desired products (e.g. pole, post, sawtimber). For example,

the zero-disengagement curve can be used as a guide for determining the maximum

number of trees for a given diameter class and crown size without individual tree com-

petition for growing space (see Fig. 2). Knowing the current position of the existing stand

under scrutiny in relation to the zero disengagement curve allows the forester to decide

whether a thinning is desired and if so the amount of crown disengagement necessary (e.g.

trees to be removed) to achieve a spacing for growth release to meet the desired target

diameter for a future harvest. In the case of dinde, high planting densities are initially

recommended in plantations to avoid branching from a young age and to promote straight

trunks. Pruning the trees at a young age could also be applied to promote a desirable form.

Table 4 Predicted fully stocked stand densities from crown projection area (CPA) by 4 cm diameter
classes (DBH)

DBH (cm) CPA (M2) Spacing (M) Trees (ha)

10 28.28 6.0 9 6.0 278

14 45.62 7.6 9 7.6 172

18 65.20 9.1 9 9.1 120

22 86.71 10.5 9 10.5 91

26 109.94 11.9 9 11.9 71

30 134.73 13.1 9 13.1 58

34 160.95 14.3 9 14.3 49

38 188.51 15.4 9 15.4 42

42 217.32 16.7 9 16.7 36

46 247.32 17.7 9 17.7 32

50 278.43 18.9 9 18.9 28

Crown projection area was calculated using the equation in Table 2 predicting CPA (m) from diameter at
breast height, DBH (cm) (Ln(CPA * 1000) = - 2.838 ? 1.421ln(DBH * 1000)). Ground cover as a per-
centage of land area can be found using a constant pi/4 (Dawkins 1963), which assumes the trees are planted
at a square spacing and have circular crowns meaning that there is an inefficiency in full crown occupancy.
(Dawkins constant = pi/4 = 0.7854). Trees/ha = (10,000 m2 ha * (1/CPA)) * 0.785
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The forester should assess if market conditions and availability of harvesting and pro-

cessing technology allow for a commercial thinning or pruning. Otherwise planting at a

wider spacing to achieve larger more commercially valuable trees at time of first thinning

may be necessary to make the management regime operationally viable.

For silvo-pastoral systems commercially valuable timber trees should be planted

equidistant in a traditional grid pattern but at a wide spacing. The grid pattern spreads the

trees out, which minimizes competition between trees, maximizes fodder production for

livestock, and promotes a target crown projection area for desired thermal cover (shading)

from the sun for livestock within the field. To insure fodder from grasses remains unaf-

fected while producing shade for livestock and sawtimber (30 cm DBH) or veneer

([ 40 cm DBH), planting densities from 40 to 60 trees per hectare (13–16 m apart) are

recommended (Table 4). However, field observations indicate that to produce this timber

quality, pruning would have to be made from a young age to promote straight trunks and

large boles because stem form will not be guided by neighboring tree crown competition.

Assuming that most cattle ranchers have insufficient knowledge and experience with sil-

viculture (Murgueitio et al. 2011), other markets for dinde trees could be promoted in the

region, such as the promising industry of fustic (Roberts 2017).

In conclusion dinde showed a growth and form comparable to the performance of other

native and exotic timber tree species planted for reforestation in humid regions of Latin

America. Results of our study provides information for the forester and/or the farmer on

expected growth and size for given ages; and guidelines for spacing and thinning for timber

production in both plantations and silvo-pastoral systems.
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Fig. 2 A spacing and thinning guideline for dinde—a baseline guide curve is illustrated (0%
disengagement) in metric units. It is based on the maximum number of trees that can occupy a stand at
various mean stand diameters with full growing space occupancy as determined by complete crown closure.
The 0% disengagement curve was constructed using the values in Table 4. A family of disengagement
curves is illustrated to demonstrate intensity of thinning (degree of growing space disengagement): 10%
disengagement (90% stocking), 20% disengagement (80% stocking), 30% disengagement (70% stocking),
40% disengagement (60% stocking), have been extrapolated from 0% disengagement (100% stocking)
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Fedegan. Bogotá, DC, Colombia
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Libro. La Habana, Cuba
Rorison IH (1986) The response of plants to acid soils. Experentia 42:357–362
Samarasinghe SJ, Ashton PMS, Gunatilleke IAN, Gunatilleke CVS (1995) Thining guidelines for tree

species of different successional status. J Trop For Sci 8:44–52
Sánchez P (1976) Properties and management of soils in the tropics. Wiley, New York, p 618
Stanley WG, Montagnini F (1999) Biomass and nutrient accumulation in pure and mixed plantations of

indigenous tree species grown on poor soils in the humid tropics of Costa Rica. For Ecol Manag
113(1):91–103

Suarez A, Williams-Linera G, Trejo C, Valdez-Hernandez JI, Cetina-Alcala VM, Vibrans H (2012) Local
knowledge helps select species for forest restoration in a tropical dry forest of central Veracruz,
Mexico. Agrofor Syst 85:35–55

The Bonn Challenge (2017) Bonn challenge Latin America meeting. http://www.bonnchallenge.org/content/
bonn-challenge-latin-america-meeting. Accessed 28 June 2017

The Wood Data-Base (2016) Argentine Osage orange. http://www.wood-database.com/argentine-osage-
orange/. Accessed 1 Nov 2016

Thomas GW (1982) Exchangeable cations. Methods of soil analysis. Part 2. Chemical and Microbiological
Properties, 2nd edn, vol 9. Soil Science of America Book Series, pp 159–165

Thomas GW (1996a) Soil pH and soil acidity. Methods of soil analysis part 3—chemical methods, 3rd edn,
vol 5. Soil Science of America Book Series, pp 475–490

Thomas SC (1996b) Asymptotic height as a predictor of growth and allometric characteristics in Malaysian
rain forest trees. Am J Bot 83:556–566

New Forests

123

http://www.wildcolours.co.uk/html/fustic.html
http://www.bonnchallenge.org/content/bonn-challenge-latin-america-meeting
http://www.bonnchallenge.org/content/bonn-challenge-latin-america-meeting
http://www.wood-database.com/argentine-osage-orange/
http://www.wood-database.com/argentine-osage-orange/


Torres RB, Matheus LAF, Rodrigues RR, Leitdo Filho HDF (1992) Espécies florestais nativas para plantio
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